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INTRODUCTION
The MCO Handling Machine (MHM) trolley moves along the top of the MHM bridge girders on east-west oriented rails. To prevent trolley wheel uplift during a seismic event, passive uplift constraints are provided as shown in Figure 1 -1. North-south trolley wheel movement is prevented by flanges on the trolley wheels. When the MHM is positioned over a Multi-Canister Overpack (MCO) storage tube, east-west seismic restraints are activated to prevent trolley movement during MCO handling. The active seismic constraints consist of a plunger, which is inserted into slots positioned along the tracks as shown in Figure I -I . When the MHM trolley is moving between storage tube positions, the active seismic restraints are not engaged.
The MHM has been designed and analyzed in accordance with ASME NOG-1-1995. The ALSTHOM seismic analysis (Reference 3) reported seismic uplift restraint loading and EDERER performed corresponding structural calculations. The ALSTHOM and EDERER calculations were performed with the east-west seismic restraints activated and the uplift restraints experiencing only vertical loading. In support of development of the CSB Safety Analysis Report (SAR), an evaluation of the MHM seismic response was requested for the case where the east-west trolley restraints are not engaged. For this case, the associated trolley movements would result in east-west lateral loads on the uplift constraints due to friction, as shown in Figure 1 -2.
During preliminary evaluations, questions were raised as to whether the EDERER calculations considered the latest ALSTHOM seismic analysis loads (See NCR No. 00-SNFP-0008, Reference 5). Further evaluation led to the conclusion that the EDERER calculations used appropriate vertical loading, but the uplift restraints would need to be re-analyzed and modified to account for lateral loading. The disposition of NCR 00-SNFP-0008 will track the redesign and modification effort.
The purpose of this calculation is to establish bounding seismic loads (vertical and horizontal) for input into the uplift restraint hardware redesign calculations. To minimize iterations on the uplift redesign effort, efforts were made to assure that the final loading input was reasonable but unquestionably on the conservative side. 
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Input Item
SUMMARY AND RECOMMENDATIONS
The maximum vertical uplift loading on the MHM trolley uplift constraint reported by ALSTHOM is 97 kips. The adequacy and conservative nature of this bounding load value was confirmed by performing independent seismic calculations as described below. Therefore, for uplift restraint design purposes, a vertical uplift load value of 100 kips is recommended. Using an upper bound friction coefficient of 0.9, a horizontal (east-west) loading of 90 kips is recommended (force "pF" in Figure 1 -2).
DESIGN INPUT AND ASSUMPTIONS
The seismic analyses performed in the remainder of this report utilized the desigdanalysis input information summarized in 00-0002-c 0
MHM/MCO HARDWARE DISCUSSION
The MHM assembly consists of a bridge, trolley, and turret, as shown in Figure 4 -1. The 126-ft long bridge rides on north-south directed rails. The trolley rides on east-west rails which are positioned on top of the bridge girders. The turret reaches from the Canister Storage Building (CSB) floor to well above the trolley rails, and is supported by the trolley. This projection of the trolley/turret assembly well below the trolley frame results in an assembly center of gravity that is below the trolley wheels. This low center of gravity helps stabilize the trolley/turret assembly and reduces the possibility of trolley wheel liftoff andor falling of the trolley assembly during a seismic event. 
EVALUATION APPROACH
The evaluation documented in this report corresponded to the following steps:
1)
The ALSTHOM seismic analysis was reviewed and evaluated relative to the trolley uplift restraint seismic loading. 
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Using the trolley/turret portion of the ALSTHOM seismic computer model, the ALSTHOM model was used to determine the center of gravity of the trolley/turret hardware. From fixed-wheel reaction loads developed in the center of gravity calculations an estimate of the seismic uplift loading can be made using an equivalent static seismic analysis approach. A factor of 1.5 times the peak of the response spectrum is used, as specified by the "Equivalent Static Load Method" discussed in Section I1 of Reference 8. Using the trolleyhrret center of gravity location from
Step 2), a relatively simple computer model of the MHM assembly was developed corresponding to ASME NOG-1, Figure 
3)
4154.3-1.
4)
)
The remainder of this section documents the details of the above evaluation steps.
ALSTHOM SEISMIC ANALYSIS EVALUATION
The trolley seismic uplift restraints introduce a nonlinearity into the trolley seismic response in the sense that the trolleyhridge interface vertical loading changes location if the load path is upward versus downward. That is, an uplift load is carried by the uplift restraints and a downward load is carried through the wheelkrack interface. The uplift restraint is located at the edge of the bridge girder at a distance of about two feet from the nearest wheel. There is a half-inch gap between the uplift restraint and the bridge girder interface.
The ALSTHOM linear seismic model did not fully account for the up/down vertical load location shift or the half-inch restraint gap. Due, in part, to this vertical load complexity, the Reference 3) ALSTHOM analysis results were somewhat confusing and questions were raised relative to the bounding nature of the uplift restraint design loading. See NCR 00-SNFP-0008, Reference 5). The ALSTHOM position was clarified in an email message (Reference 4)). From the ALSTHOM email communication, a bounding vertical uplift restraint loading of 97 kips was obtained.
Due to the above-mentioned load complexity, plus other uncertainties in the relatively complex ALSTHOM computer model, it appeared that an independent analysis was in order to obtain the desired confidence level in establishing the uplift restraint redesign loads. 
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From the 1 g vertical results in Appendix A, the minimum vertical wheel reaction is 8 1 kips.
Subtracting the minimum dead weight reaction, results in a maximum uplift of 128 -81 = 47 kips.
Thus, the approximate static approach with the wheels fixed is well below the ALSTHOM result of 96 kips. Neither of the above approaches accounts for the off-set nature of the upliwwheel offset, nor do they account for the half-inch gap between the uplift restraint and the girder flange. These concerns are addressed in the section that follows. 00-0002-c 0
MHM ASSEMBLY FINITE ELEMENT MODEL
A simplified finite element model of the MHM accounting for the uplift/wheel offset and the halfinch gap is shown in Figure 5 -1 and Figure 5 -2. The model configuration and boundary conditions correspond to Figure NOG-4154.3-1 of ASME NOG-1-1995. The model structural elements are limited to the primary structural elements of the bridge and trolley, i.e. the girders and connecting end beams for the bridge and the box beams of the trolley frame (including the diagonal comer braces). The quarter-point trolley location was selected to correspond to the highest seismic uplift force configuration reported in the ALSTHOM seismic analysis (Reference 3)). The boundary conditions at the bridge and trolley wheel locations correspond to the restraints specified by Table NOG-4154.3-1.
Gap elements were used at the bridgehrolley interface locations. The gap elements were used to properly account for the load path differences for the downward and upward bridgekrolley interface loading. That is, compression loads are carried through the wheelhrack interface and tensile loads are carried at the seismic uplift constraint. Rigid links were used to bridge between the trolley wheelhail (compressive) interface and the uplift constraint (tensile) locations. The compressive and tensile interface locations are about 23 in. apart.
The trolley/turret 398,000-Ib mass was concentrated at the center of gravity location. The location of the trolley/turret center of gravity was obtained from Appendix A. Rigid links are used to connect the trolley frame to the mass element at the center of gravity.
As an additional check on the model adequacy, a modal analysis was performed, resulting in a hndamental frequency of 2.2 hz. This compares favorably with the the ALSTHOM seismic model fundamental frequency of 2.6 hz. 
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MHM SEISMIC ANALYSIS
Using the 1.5 times the peak spectral values from Section 5.3, the seismic model described in the previous section was used to perform an equivalent static seismic analysis, using the ANSYSm finite element code. The ANSYSm input listing is provided in Appendix B. The seismic loading for each direction can be either positive or negative. To obtain the maximum uplift, a positive (upward) z acceleration is assumed. For the two horizontal directions, various combinations of positive and negative accelerations were considered to obtain a bounding value. The minimum dead weight wheel reaction calculated was 87 kips (downward). Subtracting the minimum dead weight wheel reaction results in a net uplift load of 133 -87 = 46 kips, which again confirms the conservatism of the ALSTHOM analysis.
HORIZONTAL UPLIFT RESTRAINT LOADING
From Table 1 of Chapter 3 of Mark's Handbook (Reference 6)), the maximum dry steel-to-steel friction coefficient listed is 0.78. To account for uncertainties, a bounding friction coefficient of 0.9 is used. Using a bounding vertical load of 100 kips, a horizontal design load of 0.9(100) = 90 kips is obtained. 
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!Trolley
For the MHM seismic analysis FE model, the first analysis was for the basic boundary condition case where the trolley vertical seismic restraint Is provided at the location of each of the four wheels only. This complies with Fig. NOC This may cause various wheels to momentarily lift and hooks to become momentarily active at various times during the duration of the seismic event. This means that the loadpath and therefore the stiffness of the structure changes.
To address this behaviour, four additional trolley restraint conditions have also been analysed in order to model the tipping behaviour of the trolley and the effect this has on the stiffness of the trolley to gantry beam vertical connection. These analyses are described in section 2.2 a) cases ii), iii), iv) 81 v), of Ref.1 and are considered to bound the most likely scenarios of trolley tipping. The restraint loads for these cases were reported in tables B1, C1, D1 81 E l respectively of Ref.l but are presented here again in a clearer format. Note that the unrealistic results at the hooks and wheels (which originally appeared in Ref.1, Rev3) are now discarded, i.e. no downward forces at hooks and no upward forces at wheels.
The maximum hook and wheel loads on the MHM trolley are as follows:
Max uplift force at a hook = 430.6 kN Max downward force at a wheel = 1480.8 kN 
